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1. Introduction {#efs25785-sec-0002}
===============

1.1. Background and Terms of Reference {#efs25785-sec-0003}
--------------------------------------

Regulation (EC) No 1831/2003[1](#efs25785-note-1007){ref-type="fn"} establishes the rules governing the Community authorisation of additives for use in animal nutrition. In particular, Article 4(1) of that Regulation lays down that any person seeking authorisation for a feed additive or for a new use of a feed additive shall submit an application in accordance with Article 7.

The European Commission received a request from Ajinomoto Animal Nutrition Europe[2](#efs25785-note-1008){ref-type="fn"} for authorisation of the product [l]{.smallcaps}‐histidine monohydrochloride monohydrate produced by *Escherichia coli* (NITE BP‐02526), when used as a feed additive for all animal species (category: nutritional additive; functional group: amino acids, their salts and analogues and category: sensory additive; functional group: flavouring).

According to Article 7(1) of Regulation (EC) No 1831/2003, the Commission forwarded the application to the European Food Safety Authority (EFSA) as an application under Article 4(1) (authorisation of a feed additive or new use of a feed additive). The particulars and documents in support of the application were considered valid by EFSA as of 22 November 2018.

According to Article 8 of Regulation (EC) No 1831/2003, EFSA, after verifying the particulars and documents submitted by the applicant, shall undertake an assessment in order to determine whether the feed additive complies with the conditions laid down in Article 5. EFSA shall deliver an opinion on the safety for the target animals, consumer, user and the environment and on the efficacy of [l]{.smallcaps}‐histidine monohydrochloride monohydrate produced by *E*. *coli* (NITE BP‐02526), when used under the proposed conditions of use (see Section [3.1.5](#efs25785-sec-0024){ref-type="sec"}).

1.2. Additional information {#efs25785-sec-0004}
---------------------------

[l]{.smallcaps}‐Histidine monohydrochloride monohydrate produced by *E. coli* (NITE BP‐02526) has not been previously authorised as a feed additive in the European Union (EU).

[l]{.smallcaps}‐Histidine monohydrochloride monohydrate produced by *E. coli* (ATCC 9637) is already authorised for its use in salmonids as a nutritional additive (functional group: amino acids, their salts and analogues).

[l]{.smallcaps}‐Histidine, produced by chemical synthesis or protein hydrolysis, is an already authorised for its use in all animal species as a sensory additive (functional group: flavouring compounds).

[l]{.smallcaps}‐Histidine (FLAVIS No. 17.008, CAS 71‐00‐1) is authorised as food flavouring in all categories of flavoured foods under the Regulation (EU) No 872/2012.

[l]{.smallcaps}‐Histidine is authorised for use in food,[3](#efs25785-note-1009){ref-type="fn"} cosmetics[4](#efs25785-note-1010){ref-type="fn"} and as a veterinary medicinal product.[5](#efs25785-note-1011){ref-type="fn"} ^,^ [6](#efs25785-note-1012){ref-type="fn"}

2. Data and methodologies {#efs25785-sec-0005}
=========================

2.1. Data {#efs25785-sec-0006}
---------

The present assessment is based on data submitted by the applicant in the form of a technical dossier[7](#efs25785-note-1013){ref-type="fn"} in support of the authorisation request for the use of [l]{.smallcaps}‐histidine monohydrochloride monohydrate produced by *E. coli* (NITE BP‐02526) as a feed additive.

EFSA has verified the European Union Reference Laboratory (EURL) report as it relates to the methods used for the control of the [l]{.smallcaps}‐histidine monohydrochloride monohydrate produced by *Escherichia coli* (NITE BP‐02526) in animal feed. The Executive Summary of the EURL report can be found in Annex [A](#efs25785-sec-1002){ref-type="sec"}.[8](#efs25785-note-1014){ref-type="fn"}

2.2. Methodologies {#efs25785-sec-0007}
------------------

The approach followed by the FEEDAP Panel to assess the safety and the efficacy of [l]{.smallcaps}‐histidine monohydrochloride monohydrate produced by *E. coli* (NITE BP‐02526) is in line with the principles laid down in Regulation (EC) No 429/2008[9](#efs25785-note-1015){ref-type="fn"} and the relevant guidance documents: Guidance on the identity, characterisation and conditions of use of feed additives (EFSA FEEDAP Panel, [2017a](#efs25785-bib-0015){ref-type="ref"}), Guidance on the characterisation of microorganisms used as feed additives or as production organisms (EFSA FEEDAP Panel, [2018](#efs25785-bib-0018){ref-type="ref"}), Guidance on the assessment of the safety of feed additives for the target species (EFSA FEEDAP Panel, [2017b](#efs25785-bib-0016){ref-type="ref"}), Guidance on the assessment of the safety of feed additives for the consumer (EFSA FEEDAP Panel, [2017c](#efs25785-bib-0017){ref-type="ref"}) and Guidance on studies concerning the safety of use of the additive for users/workers (EFSA FEEDAP Panel, [2012](#efs25785-bib-0014){ref-type="ref"}).

3. Assessment {#efs25785-sec-0008}
=============

[l]{.smallcaps}‐Histidine monohydrochloride monohydrate (≥ 98% on a dry matter (DM) basis) is produced by fermentation with a genetically modified *E. coli* strain. It is proposed to be used as a nutritional additive (functional group: amino acids, their salts and analogues) and as a sensory additive (functional group: flavouring) for all animal species.

3.1. Characterisation {#efs25785-sec-0009}
---------------------

### 3.1.1. Characterisation of the production organism {#efs25785-sec-0010}

The additive [l]{.smallcaps}‐histidine monohydrochloride monohydrate is produced by a genetically modified strain of *E. coli* K‐12, which is deposited in the National Institute of Technology Evaluation (NITE) of Japan Culture Collection with accession number NITE BP‐02526.

The strain was identified as *E. coli* K‐12 by molecular serotyping, and multi‐locus sequence typing (MLST) using data obtained by whole genome sequencing (WGS).

*Escherichia coli* NITE BP‐02526 was tested for antibiotic susceptibility ■■■■■ WGS analysis did not identify any intact antibiotic resistance genes in the genome of the production strain NITE BP‐02526.

The WGS analysis also indicated the absence of known *E. coli* virulence factors, including genes encoding enterotoxins, Shiga toxins, and adhesion and invasion factors.

#### 3.1.1.1. Information relating to the genetically modified microorganism {#efs25785-sec-0011}

*Characteristics of the recipient or parental microorganism*

■■■■■

■■■■■

■■■■■

#### Description of the genetic modification process {#efs25785-sec-0012}

■■■■■ ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■

■■■■■

■■■■■

### 3.1.2. Manufacturing process {#efs25785-sec-0013}

[l]{.smallcaps}‐Histidine monohydrochloride monohydrate is produced by fermentation process (fed‐batch fermentation) with *E. coli* (NITE BP‐02526), the cells in the fermentation broth are inactivated ■■■■■.

■■■■■ then the product is crystallised, dried and packaged.

The applicant stated that no antibiotics are used during fermentation process.

### 3.1.3. Characterisation of active substance/additive {#efs25785-sec-0014}

[l]{.smallcaps}‐Histidine monohydrochloride monohydrate (International Union of Pure and Applied Chemistry (IUPAC) name: (2*S*)‐2‐amino‐3‐(1*H*‐imidazol‐5‐yl)propanoic acid;hydrate;hydrochloride), is a compound identified with the Chemical Abstracts Service (CAS) No 5934‐29‐2, and the European Inventory of Existing Commercial Chemical Substances (EINECS) No 211‐438‐9. It has a molecular weight of 191.62 Da. The chemical formula of [l]{.smallcaps}‐histidine monohydrochloride monohydrate is C~6~H~9~N~3~O~2~.HCl.H~2~O. The structural formula is given in Figure [1](#efs25785-fig-0001){ref-type="fig"}.

![Structural formula of [l]{.smallcaps}‐histidine monohydrochloride monohydrate](EFS2-17-e05785-g001){#efs25785-fig-0001}

The product is specified to contain a minimum of 98% [l]{.smallcaps}‐histidine HCl H~2~O on DM basis and a minimum of 72% of [l]{.smallcaps}‐histidine on DM basis, other components are residual moisture and other substances (amino acids, organic acids and minerals).

The applicant provided results on compositional analysis of 10 industrial pilot batches. The analysis showed an average value of [l]{.smallcaps}‐histidine monohydrochloride monohydrate of 99.5% on DM basis (range 99.1--100.4%). The analysis also showed an average value of [l]{.smallcaps}‐histidine of 73.7% on DM basis (range 73.4--74.4%). Moisture average was 0.042% (range 0.04--0.05%) and no quantifiable free amino acids other than [l]{.smallcaps}‐histidine could be detected. Quantifiable ammonium, nitrates, nitrites and betaine were analysed in three batches of the product and was on average 0.026% (0.02--0.04%). Sum of quantifiable organic acids was on average 0.066% (0.05--0.09%). Sum of quantifiable inorganic cations and anions was \< 0.002% (analysed in three batches).[10](#efs25785-note-1016){ref-type="fn"}

Analytical data on specific optical rotation of five batches showed a range + 9.3° to + 9.4°, which is within the range described in the European Pharmacopoeia for this amino acid (+ 9.2° to + 10.6°) and confirms the [l]{.smallcaps}‐enantiomer of histidine.[10](#efs25785-note-1016){ref-type="fn"}

#### 3.1.3.1. Impurities {#efs25785-sec-0015}

Three batches were analysed for the possible presence of heavy metals, metals and metalloids. Arsenic, cadmium, chromium, copper, iron, lead, mercury, nickel, phosphorus, fluorine, melamine and (hydro)‐cyanic acid were tested. The levels found were below the quantification levels.[11](#efs25785-note-1017){ref-type="fn"} ^,^ [12](#efs25785-note-1018){ref-type="fn"}

The sum of dioxins (polychlorinated dibenzo‐*p*‐dioxins and polychlorinated dibenzofurans (PCDD/F)) and dioxin‐like polychlorinated biphenyls (DL‐PCBs) ranged from 0.0877 to 0.107 ng WHO‐PCDD/F‐PCB TEQ/kg. Non‐DL‐PCBs (IECS‐6) ranged from 0.0094 to 0.0111 ng/kg TEQ.[11](#efs25785-note-1017){ref-type="fn"}

Residues of organochlorine (including pyrethroids) and organophosphorus pesticides (analysed in three batches) were all below the limit of quantification (LOQ).[13](#efs25785-note-1019){ref-type="fn"} ^,^ [11](#efs25785-note-1017){ref-type="fn"}

The microbial analyses of 10 batches of the product showed the absence of *Salmonella* spp. (25 g samples), total germ count (at 30°C) \< 100 CFU/g; coliforms, *Staphylococcus coagulase* positive, yeast and moulds \< 10 CFU/g, and *Bacillus cereus* (at 30°C) \< 100 CFU/g.

As regards the mycotoxins, analysis of three batches showed values of aflatoxins (B1, B2, G1, G2), zearalenone, deoxynivalenol, ochratoxin A, T‐2 and HT‐2 toxins, fumonisins (B1, B2 and B3) below the limit of quantification.[11](#efs25785-note-1017){ref-type="fn"} ^,^ [14](#efs25785-note-1020){ref-type="fn"}

■■■■■[■■■■■](#efs25785-note-5020){ref-type="fn"}

The amount of the impurities in the product does not raise a safety concern.

The presence of viable cells of the production strain was tested in three independent batches of the final product from industrial pilot facilities, each batch tested in triplicate.[■■■■■](#efs25785-note-5022){ref-type="fn"}■■■■■ Appropriate controls were carried out on the performance of these experiments. No viable cells of the production organism were detected.

The presence of DNA of the production strain was tested in three independent batches of the final product from industrial pilot facilities, each batch tested in triplicate.[■■■■■](#efs25785-note-5023){ref-type="fn"} The test started from 1 g of product, ■■■■■. No DNA was detected.

#### 3.1.3.2. Physical characteristics {#efs25785-sec-0016}

The additive is described as greenish crystals or a crystalline powder. Its solubility in water at 25°C is 41.9 g/L; it has a pH ranging from 3.5 to 4.5.[18](#efs25785-note-1021){ref-type="fn"} The packed bulk density measure in 3 batches ranged from 915 to 966 kg/m^3^.

Three batches of the product were also analysed for dusting potential (Stauber--Haeubach method) and the results ranged from 0.61 to 0.93 g/m^3^.[19](#efs25785-note-1022){ref-type="fn"}

The particle size distribution was analysed in three batches (laser light scattering). Most of the particles size ranges from 100 to 1,000 μm diameter. The fraction of particles with a diameter below 100 is approximately 8% and below 50 μm is around 5%. No particles were detected with a diameter below 17 μm.[20](#efs25785-note-1023){ref-type="fn"}

### 3.1.4. Stability and homogeneity {#efs25785-sec-0017}

#### 3.1.4.1. Shelf life {#efs25785-sec-0018}

The shelf life of the additive (three batches) was measured when stored at 25°C and 40°C in sealed plastic bags for 12 months. Losses up to 1% of histidine were detected at 25°C. No losses were observed in any of the batches stored at 40°C.[21](#efs25785-note-1024){ref-type="fn"}

#### 3.1.4.2. Stability in premixture {#efs25785-sec-0019}

The stability of the additive (three batches) was measured in three types of vitamin/mineral premixtures (piglet starter, sow gestation and chickens for fattening premixture, one batch for each) at 25°C or at 40°C in paper bags with plastic in inner layer for 6 months.[22](#efs25785-note-1025){ref-type="fn"} The concentration of choline chloride was 0.8, 1.6 and 2%, respectively. For the piglet premixture, a loss of 2.8% was observed only at 40°C. For sow gestation, a loss of 5.2% was observed at 40°C only. For chickens for fattening, a loss of 3.4% was observed at 25°C and of 10% at 40°C.

#### 3.1.4.3. Stability in feedingstuffs {#efs25785-sec-0020}

The stability of the additive (three batches) in three types of pelleted feed (piglet starter, sow gestation and chickens for fattening, one batch each type of feed) was studied when stored at 25°C or at 40°C in sealed plastic bags for 3 months.[23](#efs25785-note-1026){ref-type="fn"} Complete feed for piglets, sows and chickens for fattening was supplemented with histidine at 0.1, 0.15 and 0.2%, respectively.

Feed was preconditioned at 60--65°C (all feeds) and pelleted at 88°C in piglets, 76°C in sows and at 72°C in chickens for fattening. Feed processing represented a loss of 10% in piglets only.

At the end of the storage period, piglets pelleted feed kept at 25°C lost 8%, and 19% at 40°C. Pelleted feed for gestating sows kept at 25°C lost 5% and kept at 40°C lost 8%. Pelleted feed for chickens for fattening kept at 25°C lost 21% and at 40°C lost 11%.

#### 3.1.4.4. Stability in water for drinking {#efs25785-sec-0021}

The stability of one batch of the additive in water for drinking was measured at 0.5, 2.5 and 5 g/L when stored at 25°C for 48 h.[24](#efs25785-note-1027){ref-type="fn"} No losses were observed.

#### 3.1.4.5. Homogeneity {#efs25785-sec-0022}

The capacity of the additive to distribute homogeneously was studied in the premixtures and feeds described above.[25](#efs25785-note-1028){ref-type="fn"} ^,^ [26](#efs25785-note-1029){ref-type="fn"} Ten subsamples of each premixture were analysed and the coefficients of variation (CV) were 3%, 4% and 3%, respectively. Ten subsamples of each feed (except for chicken for fattening which had 9 samples analysed) were analysed and the CVs were 4, 4 and 5%, respectively.

#### 3.1.4.6. Physico‐chemical incompatibilities in feed {#efs25785-sec-0023}

No physico‐chemical incompatibilities in feed are expected with other feed additives, medicinal products or feed materials.

### 3.1.5. Conditions of use {#efs25785-sec-0024}

According to the applicant, the additive can be added directly in compound feed through complementary feed, premixtures and water for drinking and is intended for all animal species.

As a nutritional additive, no proposed inclusion levels are provided, as the optimal daily allowance in quantitative terms depends on the species, the physiological state of the animal, the performance level and the environmental conditions, in particular on the amino acid composition of the unsupplemented diet.

[l]{.smallcaps}‐Histidine monochloride monohydrate is proposed to be used as a feed flavouring in feed or in water for drinking at maximum recommended level of inclusion of 25 mg/kg.

3.2. Safety {#efs25785-sec-0025}
-----------

### 3.2.1. Safety aspects of the production organism {#efs25785-sec-0026}

The genetic modifications performed to obtain the production strain have ■■■■■ [l]{.smallcaps}‐histidine ■■■■■.

The recipient organism *E. coli* K‐12 is considered to be safe. None of the introduced modifications raise a safety concern. The applicant provided sufficient information that neither the production strain nor its recombinant DNA is present in the final product. The final product does not give rise to any safety concern with regard to the genetic modification of the production strain.

### 3.2.2. Safety for the target species {#efs25785-sec-0027}

The absorption, distribution, metabolism and excretion, animal requirements and histidine content in feedingstuffs have been described in a previous opinion (EFSA FEEDAP Panel, [2019](#efs25785-bib-0800){ref-type="ref"}).

Safety data in the target species are not normally required for highly purified amino acids. However, the FEEDAP Panel considers that excesses of [l]{.smallcaps}‐histidine in the diet are not well tolerated, most probably due to (i) amino acid imbalances, (ii) interactions with trace elements (e.g. Cu, Zn) in the gut, and iii) microbial production of histamine in the gut/rumen (Ahrens, [1967](#efs25785-bib-0001){ref-type="ref"}; Aoyama and Kato, [2000](#efs25785-bib-0002){ref-type="ref"}; Aoyama et al., [2001](#efs25785-bib-0003){ref-type="ref"}; Xu et al., [2003](#efs25785-bib-0072){ref-type="ref"}; Glover and Wood, [2008](#efs25785-bib-0025){ref-type="ref"}; Golder et al., [2012](#efs25785-bib-0026){ref-type="ref"}; Khan and Abidi, [2014](#efs25785-bib-0044){ref-type="ref"}). Brain histidine and histamine are involved in the regulation of feed intake. Reduction in feed intake in response to excess dietary histidine intake may be probably triggered by the elevation of brain histidine and histamine levels (Sheiner et al., [1985](#efs25785-bib-0062){ref-type="ref"}). High dietary histidine levels have been shown to result in potentially serious adverse effects in both animals (e.g. hyperlipidemia, hypercholesterolemia, enlarged liver) and humans (e.g. increase in urinary zinc, headache, weakness) (Garlick, [2004](#efs25785-bib-0024){ref-type="ref"}). In fact, there is evidence from studies in experimental animals and humans that intakes of high levels of histidine can alter copper and zinc metabolism and cause deficiencies of the free forms of these metal ions due to increased excretion (VKM, [2016](#efs25785-bib-0068){ref-type="ref"}) (NRC, [2011](#efs25785-bib-0050){ref-type="ref"}).

The applicant provided a literature search to address the safety for target animals. PubMed was searched using several search strings.[27](#efs25785-note-1030){ref-type="fn"} Among the papers retrieved, 75 were considered relevant by the applicant. Only the papers that were judged relevant by the Panel for the assessment of the safety for the target species are reported.

A 90‐day study was performed in F344 rats fed diets containing 0, 0.31, 0.62, 1.25, 2.5 and 5% [l]{.smallcaps}‐Histidine HCl H~2~O (Ikezaki et al., [1994](#efs25785-bib-0037){ref-type="ref"}). The FEEDAP Panel identified 2.5% in the diet as the maximum tolerable dose of [l]{.smallcaps}‐Histidine HCl H~2~O. A long‐term toxicity and carcinogenicity study (104 weeks) was performed in F344 rats fed diets containing 0, 1.25 and 2.5% [l]{.smallcaps}‐Histidine HCl H~2~O (Ikezaki et al., [1996](#efs25785-bib-0038){ref-type="ref"}). There were no significant differences between the control and treated groups of both sexes in overall tumour incidences. In all male groups, tumours of the testes were the most frequent, followed by lesions in the adrenal, haematopoietic organs and pituitary. All testicular tumours were benign interstitial cell tumours, the most frequently encountered spontaneous tumour in F344 rats. Food intake decreased in rats following increased dietary histidine (Kasaoka et al., [2004](#efs25785-bib-0043){ref-type="ref"}; Asahi et al., [2016](#efs25785-bib-0004){ref-type="ref"}) through its conversion into histamine (Yoshimatsu et al., [2002](#efs25785-bib-0073){ref-type="ref"}) which acts on food intake through histamine H~1~ receptors (Schwartz et al., [1972](#efs25785-bib-0061){ref-type="ref"}; Ookuma et al., [1989](#efs25785-bib-0054){ref-type="ref"}). Rats fed histidine at levels ranging from 2 g/kg body weight (bw) per day to \>4 g/kg bw per day showed growth retardation, hepatomegaly, significant decrease in plasma zinc level and hypercholesterolaemia (Solomon and Geison, [1978](#efs25785-bib-0064){ref-type="ref"}; Harvey et al., [1981](#efs25785-bib-0030){ref-type="ref"}; Ohmura et al., [1986](#efs25785-bib-0052){ref-type="ref"}, [1992](#efs25785-bib-0053){ref-type="ref"}). However, supplementation of the rat diet with 5% histidine did not affect zinc (the rate of turnover of ^65^Zn from 2 to 4 weeks after a single injection of the tracer) whereas the diet supplemented with 8% histidine induced a severe zinc deficiency (50% reduction in the plasma zinc content) (Wensink and Van den Hamer, [1988](#efs25785-bib-0070){ref-type="ref"}). This effect of histidine supplementation on zinc status could depend of dietary zinc intake. Indeed when rats were fed a zinc‐adequate diet, histidine supplementation did not cause changes in the zinc status (zinc concentrations, ^65^Zn tissue distribution and tissue‐specific activities) whereas when zinc intake was low, histidine supplementation led to a lower ^65^Zn retention, associated with increased faecal excretion and a shorter biological half‐life (Van Wouwe et al., [1990](#efs25785-bib-0067){ref-type="ref"}).

Figueroa et al. ([2003](#efs25785-bib-0021){ref-type="ref"}) studied the effects of amino acid supplementation on growing pigs submitted to different concentration of crude protein (CP) (16%, 12% or 11% CP). Effects of histidine were observed on weight gain, daily food intake, fat‐free lean mass gain and feed efficiency.

Supplementation of [l]{.smallcaps}‐histidine at 4% reduced weight gain by 48 to 51% in 8‐day‐old crossbred chicks and at 3% caused growth depression of 31% (Edmonds and Baker, [1987](#efs25785-bib-0010){ref-type="ref"}). Kopeć et al. ([2013](#efs25785-bib-0045){ref-type="ref"}) studied the effects of a supplementation with [l]{.smallcaps}‐histidine (6.83 g/kg diet), either as pure amino acid or spray‐dried blood cells (SDBC) rich in histidine (6.14 g/kg diet), with or without Zn. Proteins and histidine dipeptide (carnosine and anserine) content in the muscles increased by diet supplemented with histidine.

Schoof et al. ([2000](#efs25785-bib-0060){ref-type="ref"}) evaluated the effects of continuous duodenal infusion of [l]{.smallcaps}‐histidine on the retention of nitrogen and amino acids utilisation in young bulls. No significant differences were observed following histidine infusion compared to the control. The production of milk, protein, casein and lactose were significantly higher following histidine supplementation (2.5 g/L in water for drinking or diet supplemented with 13.6 g/d) compared to control (Doelman et al., [2008](#efs25785-bib-0009){ref-type="ref"}; Hadrová et al., [2012](#efs25785-bib-0028){ref-type="ref"}). Gao et al. ([2015](#efs25785-bib-0023){ref-type="ref"}) investigated the effects of leucine and histidine on the mammalian target of rapamycin (mTOR) signalling pathway in milk protein synthesis using CMEC‐H (bovine mammary epithelial cells) and demonstrated that leucine or histidine stimulated the expression of different forms of caseins.

The product is currently authorised for use as a feed additive in salmonids (EFSA, [2005](#efs25785-bib-0011){ref-type="ref"}). It is an essential amino acid for fish. *N*‐Acetyl histidine (NAH) is a prominent biomolecule in ocular lens. Dietary levels of histidine modulate lens NAH concentration and have been found to prevent or slow the progression of cataract development. Different studies have investigated the effect of dietary histidine on cataract severity and prevalence (Trösse et al., [2009](#efs25785-bib-0066){ref-type="ref"}; Waagbø et al., [2010](#efs25785-bib-0069){ref-type="ref"}; Remø et al., [2011](#efs25785-bib-0056){ref-type="ref"}, [2014](#efs25785-bib-0057){ref-type="ref"}). The highest level (10.37 μmol/g) of NAH was found in the tissue of *Betta splendens* (Siamese fighting fish). Moreover, the NAH contents in the tissues of *Trichogaster trichopterus* (three spot gourami), *Kryptopterus bicirrhis* (glass catfish), *Oreochromis niloticus* (Nile tilapia), *Mikrogeophagus ramirezi* (ram cichlid) and *Parachromis managuensis* (Guapote tigre) were 3.17--6.16 μmol/g. The skeletal muscle of amphibians (5 species) and reptiles (4 species) had a low level (\< 0.25 μmol/g) of NAH (Abe, [2000](#efs25785-bib-0801){ref-type="ref"}). In catfish, dietary histidine caused no increase in serum free histidine levels, until the dietary requirement was reached (0.37 ± 0.01%). Carnosine could not be detected in muscle (Wilson et al., [1980](#efs25785-bib-0071){ref-type="ref"}). In Nile tilapia juveniles fed diets containing histidine at 4.2, 5.4, 7.1, 8.9, 9.8 and 11.5 g/kg DM in diet, whole‐body protein content was higher in fish fed 7.1 and 9.8 g/kg DM of histidine. Myogenin expression was higher in fish fed histidine at 9.8 and 11.5 g/kg DM to fish fed histidine at 11.5 g/kg DM (Hulata [2015](#efs25785-bib-0036){ref-type="ref"}). In grass carp fed histidine supplemented diet for 2 weeks at 2.0‐control, 3.7, 5.9, 7.9, 9.8 and 12.2 g/kg diet, growth performance increased until 7.9 g/kg, above this level growth performance decreased (Jiang et al., [2016](#efs25785-bib-0041){ref-type="ref"}).

Although there is limited evidence from the published literature on the effects of supplementing histidine levels above the requirements, the FEEDAP Panel considers that, as with other amino acids, adverse effects might occur with levels of histidine in feeds exceeding the requirements, depending on the balance with other amino acids and the status of some essential trace elements such as copper and zinc.

The FEEDAP Panel, in its previous statement (EFSA FEEDAP Panel, [2010](#efs25785-bib-0013){ref-type="ref"}), identified risks of nutritional imbalances and hygienic concerns for amino acids when administered in water for drinking.

Since the levels proposed for the use of [l]{.smallcaps}‐histidine monohydrochloride monohydrate as flavouring (up to 25 mg/kg complete feed) are substantially lower than the animal requirements, the FEEDAP Panel considers [l]{.smallcaps}‐histidine monohydrochloride monohydrate produced with *E. coli* (NITE BP‐02526) is safe when used as a flavouring compound.

#### 3.2.2.1. Conclusions on the safety for the target species {#efs25785-sec-0028}

The use of [l]{.smallcaps}‐histidine monohydrochloride monohydrate produced by fermentation using *E. coli* (NITE BP‐02526) is safe for the target species when used as a nutritional additive to supplement the diet in appropriate amounts to cover the requirements, depending on the species, the physiological state of the animal, the performance level, the environmental conditions and the background amino acid composition of the unsupplemented diet and the status of some essential trace elements such as copper and zinc. This conclusion would also cover the use as sensory additive.

### 3.2.3. Safety for the consumer {#efs25785-sec-0029}

The product under assessment is produced by fermentation. The production strain has been adequately identified as an *E. coli* K‐12 derivative. *E. coli* K‐12 is considered safe. The applicant provided evidence that the production strain does not carry ■■■■■ and that neither the production strain nor its recombinant DNA is present in the final product. Therefore, the FEEDAP Panel considers that no safety concerns would derive from the fermentation process. The additive contains 99.1% [l]{.smallcaps}‐histidine HCl monohydrate and the amount of unidentified material is \< 1%.

The FEEDAP, however, is aware that the intake of histamine, a metabolic by‐product of histidine, through fish flesh following microbial spoilage is a serious concern for consumers (EFSA BIOHAZ Panel, [2011](#efs25785-bib-0012){ref-type="ref"}). Histamine poisoning from fish flesh has been called 'scombroid' poisoning because of the edible fish species (e.g. tuna, mackerel) more liable to histamine formation due to the high content of histidine in their flesh. Commission Regulation (EC) No 2073/2005 sets a maximum limit of 200 mg histamine/kg flesh for sea fishery products (raw fish at the point of the first sale) of fish species associated with a high amount of histidine, in particular fish species of the families: Scombridae, Clupeidae, Engraulidae, Coryfenidae, Pomatomidae and Scombresosidae.[28](#efs25785-note-1031){ref-type="fn"}

Histamine is a biogenic amine that can be synthesised endogenously from histidine by a [l]{.smallcaps}‐histidine decarboxylase. Histamine can be metabolised either extracellularly by a diamino oxidase (DAO) present in the gut mucosa, or intracellularly by a histamine‐*N*‐methyltransferase (HNMT) (EFSA BIOHAZ Panel, [2011](#efs25785-bib-0012){ref-type="ref"}).

Upon EFSA request, the applicant provided a literature search for studies to address the relationship between histidine/histamine concentration in edible tissues/products of food producing animals following histidine addition at recommended use levels. The literature search was performed using first an automatic search in a broad range of databases (LIVIVO and Ovid and sixteen single databases including PubMed and Web of Science), and eight publishers search facilities (including Elsevier, Ingenta, Springer, Wiley), followed by an expert search using the ETH Library Search Portal and Google Scholar.[29](#efs25785-note-1032){ref-type="fn"} Among the papers retrieved, 54 were considered relevant by the applicant. The papers that were judged relevant by the Panel for the assessment of the safety for the target species are described below.

#### 3.2.3.1. Histidine intake and histidine deposition in animal tissues or products {#efs25785-sec-0030}

In pigs, the addition of free histidine to the diet results in increased uptakes (Heger et al., [2007](#efs25785-bib-0033){ref-type="ref"}), increased histidine plasma levels (Čuperlović, [1973](#efs25785-bib-0008){ref-type="ref"}; Izquierdo et al., [1988](#efs25785-bib-0040){ref-type="ref"}; Li et al., [2002](#efs25785-bib-0048){ref-type="ref"}; Figueroa et al., [2003](#efs25785-bib-0021){ref-type="ref"}). No data about free histidine or histamine levels in edible pig tissues are available. Čuperlović ([1973](#efs25785-bib-0008){ref-type="ref"}) suggested that plasma free levels of histidine are controlled, which would reduce probability of increased tissue levels of histidine in pigs.

In broilers, histidine levels in plasma and breast muscle were increased by dietary histidine. However, levels were low if compared to the increase of the dipeptides carnosine and anserine (Ishibashi et al., [1979](#efs25785-bib-0039){ref-type="ref"}; Haug et al., [2008](#efs25785-bib-0031){ref-type="ref"}; Kai et al., [2015](#efs25785-bib-0042){ref-type="ref"}) or not strongly increased (Kopeć et al., [2013](#efs25785-bib-0045){ref-type="ref"}). In turkeys, no increase of histidine level in breast muscle was observed after supplementation (Kopec et al. [2016](#efs25785-bib-0802){ref-type="ref"}). Several studies reported increased levels of anserine and carnosine following dietary histidine supplementation. No data on histidine levels in eggs were retrieved.

In bovines, plasma levels of free histidine were found to be positively correlated with histidine supplementation (Hofherr, [2010](#efs25785-bib-0034){ref-type="ref"}). Uptake of free histidine from the blood by the udder was increased correspondingly (Bequette et al., [2000](#efs25785-bib-0005){ref-type="ref"}; Cant et al., [2001](#efs25785-bib-0007){ref-type="ref"}). One study reported no increase of histidine blood levels when feeding rumen‐protected histidine (Robinson et al., [2010](#efs25785-bib-0058){ref-type="ref"}). However, histidine uptake by the udder seems to be efficiently controlled by the amount of milk protein that can or shall be produced: as histidine influx and efflux are both controlled by free histidine levels in blood and the mammary gland, an enrichment of free histidine in milk is unlikely and has not been reported (Huhtanen et al. [2002](#efs25785-bib-0803){ref-type="ref"}; Korhonen et al., [2000](#efs25785-bib-0046){ref-type="ref"}).

In fish, no effect on histidine levels in muscle of Japanese flounder was found (Han et al., [2013](#efs25785-bib-0029){ref-type="ref"}), but levels of histidine in blood and tissues (especially muscle) increased significantly with increased histidine feed levels in Atlantic salmon (Breck et al., [2005](#efs25785-bib-0006){ref-type="ref"}; Waagbø et al., [2010](#efs25785-bib-0069){ref-type="ref"}; Remø et al., [2014](#efs25785-bib-0057){ref-type="ref"}), juvenile grass carp (Gao et al. [2016](#efs25785-bib-0804){ref-type="ref"}), cod (Førde‐Skjærvik et al., [2006](#efs25785-bib-0022){ref-type="ref"}), carp fingerlings (Murai et al., [1989](#efs25785-bib-0049){ref-type="ref"}), juvenile yellowtail (Ogata, [2002](#efs25785-bib-0051){ref-type="ref"}), and juvenile red drum (Peachey et al., [2018](#efs25785-bib-0055){ref-type="ref"}).

#### 3.2.3.2. Histamine concentration in animal tissues or products in relation to dietary histidine {#efs25785-sec-0031}

As review by the BIOHAZ Panel ([2011](#efs25785-bib-0012){ref-type="ref"}), the histamine concentration in raw meat of mammals and birds is considered lower compared to fish flesh. Histamine poisoning is also related to fermented food of animal origin. The threshold for adverse health effects (acute reference dose) is 50 mg histamine per consumption for healthy individuals, and below detectable limits for individuals with histamine intolerance.

The studies retrieved provide little data on the relation of histidine levels in feed and histamine levels in animal products/tissues.

In a study performed in rats (Lee et al. [1981](#efs25785-bib-0805){ref-type="ref"}), following histidine supplementation, the concentration of histamine in muscle increased (2‐fold) in the two higher dietary levels compared to the lower one, averaging 4.3 and 4.5 μg/kg vs. 2.5 μg/kg, respectively. Histamine level in muscles was higher (by 1 to 2 magnitude orders) than in other tissues (brain or kidney) at all dietary levels. However, differently from histidine, histamine level in muscle reached a plateau from the intermediate to highest dietary level.

One study reported increase histamine levels in reproductive organs and tissues of laying hens receiving histidine at levels ten times higher as needed for optimal egg production (Singh, [1980](#efs25785-bib-0063){ref-type="ref"}). On the contrary, another study reported decrease of histamine in chicken tissues when dietary histidine levels were increased (Ishibashi et al., [1979](#efs25785-bib-0039){ref-type="ref"}).

The gut flora may convert histidine to histamine (Golder et al., [2014](#efs25785-bib-0027){ref-type="ref"}). However, in ruminants, absorption of histamine was not increased following ruminal histamine increase; dietary supplementation with histidine had no impact on rumen histamine concentrations (Golder et al., [2012](#efs25785-bib-0026){ref-type="ref"}).

The histamine concentration in raw meat of mammals and birds is considered lower compared to fish flesh. Histamine poisoning is also related to fermented food of animal origin. The threshold for adverse health effects is 50 mg histamine per service for healthy individuals, and below detectable limits for individuals with histamine intolerance (BIOHAZ Panel, [2011](#efs25785-bib-0012){ref-type="ref"}).

The FEEDAP Panel considers that histamine food poisoning is mainly associated with the consumption of fish. Regarding fish species, none of the studies mentioned above analysed histamine content in edible tissues or products (Murai et al., [1989](#efs25785-bib-0049){ref-type="ref"}; Ogata, [2002](#efs25785-bib-0051){ref-type="ref"}; Breck et al., [2005](#efs25785-bib-0006){ref-type="ref"}; Førde‐Skjærvik et al., [2006](#efs25785-bib-0022){ref-type="ref"}; Waagbø et al., [2010](#efs25785-bib-0069){ref-type="ref"}; Remø et al., [2014](#efs25785-bib-0057){ref-type="ref"}; Gao et al. [2016](#efs25785-bib-0804){ref-type="ref"}; Peachey et al., [2018](#efs25785-bib-0055){ref-type="ref"}).

The scarce evidence seems to suggest that supplementation of fish with histidine increases histidine deposition in muscle. The data reviewed by FAO in 2013 indicate that the levels of histidine in salmonids are comparatively lower than in other wild sea fish species (FAO/WHO, [2013](#efs25785-bib-0019){ref-type="ref"}, [2018](#efs25785-bib-0020){ref-type="ref"}). Compared with scombroid fish which have free histidine levels ranging from approximately 5,000 mg/kg to 20,000 mg/kg, most species in the Salmonidae family have less than 1,000 mg/kg histidine (FAO/WHO, [2013](#efs25785-bib-0019){ref-type="ref"}). The Panel notes that it is unclear if salmonids exposed to dietary concentrations of histidine to prevent cataract were used in these studies. Thus, most members of the Salmonidae family have somewhere between 10 and 200 times less free histidine than scombroid fish. The FEEDAP Panel assumes than the levels of histidine reported in the FAO report would reflect histidine supplementation under current aquaculture conditions.

Although histidine is a precursor of histamine, the main factors influencing histamine formation in fish are storage time, temperature, pH, hygienic conditions (e.g. bacterial contamination) or starter cultures of fermented foods, which have been reviewed in previous publications (BIOHAZ Panel, [2011](#efs25785-bib-0012){ref-type="ref"}, FAO, 2013, 2018; Technical report EFSA, 2017).

As pointed out by FAO (2018), 'the available evidence highlights that under appropriate time×temperature control, and within the sensory shelf‐life of the product, histamine development in Salmonidae to the levels that cause SFP is unlikely to occur'.

Considering the above, the FEEDAP Panel considers that supplementing the diets of salmonids with histidine to cover the requirements is unlikely to result in the increase of histamine formation provided that appropriate handling and storage of fish are ensured. Although there is no evidence from other aquaculture species, the Panel considers that the above conclusions can be extrapolated to other commonly farmed fish. For fish species associated with high levels of histidine in flesh,[30](#efs25785-note-1033){ref-type="fn"} the Panel notes that supplemental histidine may increase histidine concentration in fish flesh and the possibility to have higher levels of histamine in fish flesh following improper storage. However, there are limits established for histamine to protect the consumer, in particular for Scombroid fish species.

In the absence of histamine poisoning records associated with raw mammal or poultry edible tissues and products, the FEEDAP Panel considers it unlikely that supplementation of feed with histidine to cover animal requirements will increase the risk of histamine poisoning upon consumption of such raw edible tissues and products from mammals and birds provided that appropriate handling and storage are ensured.

#### 3.2.3.3. Conclusions on the safety for the consumer {#efs25785-sec-0032}

[l]{.smallcaps}‐Histidine HCl monohydrate produced using *E. coli* (NITE BP‐02526) supplemented at levels appropriate for the requirements of the target species is considered safe for the consumer.

### 3.2.4. Safety for the user {#efs25785-sec-0033}

#### 3.2.4.1. Effects on respiratory system {#efs25785-sec-0034}

A valid acute inhalation test in laboratory animals, performed according to OECD Guideline 403, showed an LC~50~ above 5.2 g/m^3^ ~.~ [31](#efs25785-note-1034){ref-type="fn"}

Users can suffer from occupational respiratory disease depending on the level of endotoxins in air and dust (Rylander, [1999](#efs25785-bib-0059){ref-type="ref"}; Thorn, [2001](#efs25785-bib-0065){ref-type="ref"}). The bacterial endotoxin activity (the three new batches) was up to 14 to 34.9 IU/mg. The dusting potential ranges from 0.61 to 0.93 g/m^3^.

The scenario used to estimate the exposure of persons handling the additive to endotoxins in the dust, based on the EFSA Guidance on user safety (EFSA FEEDAP Panel, [2012](#efs25785-bib-0014){ref-type="ref"}) is described in Appendix [A](#efs25785-sec-1001){ref-type="sec"}. The health‐based recommended threshold for the quantity of inhaled endotoxins per working day is 900 IU, derived from provisional occupational exposure limits given by the Dutch Expert Committee on Occupational Safety (DECOS) (Health Council of the Netherlands, [2010](#efs25785-bib-0032){ref-type="ref"}) and the Health and Safety Executive (HSE, [2013](#efs25785-bib-0035){ref-type="ref"}). Based on the calculation of the potential endotoxin content in dust as described in Appendix [A](#efs25785-sec-1001){ref-type="sec"}, the inhalation exposure could be up to 1,000 endotoxin IU per 8‐h working day, indicating a risk from the exposure to endotoxins for people handling the additive.

#### 3.2.4.2. Effects on skin and eyes {#efs25785-sec-0035}

The eye irritation potential of [l]{.smallcaps}‐histidine monohydrochloride monohydrate was tested in a valid study performed according to OECD guideline 438, which showed that it is not an eye irritant.[32](#efs25785-note-1035){ref-type="fn"}

The skin irritation potential of [l]{.smallcaps}‐histidine monohydrochloride monohydrate was tested in a valid study performed according to OECD guideline 439 (human skin model test), which showed that it is not a skin irritant.[33](#efs25785-note-1036){ref-type="fn"}

In a valid skin sensitisation study (local lymph‐node assay, LLNA) following OECD guideline 429, [l]{.smallcaps}‐histidine monohydrochloride monohydrate did not show any skin sensitisation potential.[34](#efs25785-note-1037){ref-type="fn"}

#### 3.2.4.3. Conclusions on safety for the user {#efs25785-sec-0036}

[l]{.smallcaps}‐Histidine monohydrochloride monohydrate produced by *E. coli* (NITE BP‐02526) is not irritant to skin or eyes, nor a skin sensitiser. There is a risk for persons handling the additive from the exposure to endotoxins by inhalation.

### 3.2.5. Safety for the environment {#efs25785-sec-0037}

Regarding the production strain, none of the introduced modifications raise a safety concern. ■■■■■ The production strain and its DNA were not detected in the final product. Consequently, no safety concerns for the environment arise regarding the production strain.

[l]{.smallcaps}‐Histidine is a physiological and natural component of animals and plants. [l]{.smallcaps}‐Histidine present in the additive [l]{.smallcaps}‐Histidine monohydrochloride monohydrate will replace [l]{.smallcaps}‐histidine from natural sources which would be normally present in diet. [l]{.smallcaps}‐Histidine in the additive [l]{.smallcaps}‐histidine monohydrochloride monohydrate is absorbed and metabolised as well as [l]{.smallcaps}‐histidine present in natural sources. No increased excretion of [l]{.smallcaps}‐histidine is expected. Therefore, the addition of [l]{.smallcaps}‐histidine monohydrochloride monohydrate to feedingstuffs will not lead to an increase of [l]{.smallcaps}‐histidine levels in the excreta of animals and in the environment.

The FEEDAP Panel concludes that the use of the product [l]{.smallcaps}‐histidine monohydrochloride monohydrate produced by *E. coli* NITE BP‐02526 in animal nutrition would not pose a risk to the environment.

3.3. Efficacy {#efs25785-sec-0038}
-------------

Efficacy studies are not required for amino acids naturally occurring in proteins of plants and animals. The nutritional role of the amino acid [l]{.smallcaps}‐histidine monochloride monohydrate is well established in the scientific literature.

In general, the product [l]{.smallcaps}‐histidine monochloride monohydrate is considered as an efficacious source of the amino acid [l]{.smallcaps}‐histidine for non‐ruminant animal species. For the supplemental [l]{.smallcaps}‐histidine to be as efficacious in ruminants as in non‐ruminant species, it would require protection against degradation in the rumen.

Since [l]{.smallcaps}‐histidine \[17.008\] is used in food as a flavouring compound, and their function in feed is essentially the same as that in food no further demonstration of efficacy is necessary.

3.4. Post‐market monitoring {#efs25785-sec-0039}
---------------------------

The FEEDAP Panel considers that there is no need for specific requirements for a post‐market monitoring plan other than those established in the Feed Hygiene Regulation[35](#efs25785-note-1038){ref-type="fn"} and Good Manufacturing Practice.

4. Conclusions {#efs25785-sec-0040}
==============

The production strain and its recombinant DNA were not detected in the final products. [l]{.smallcaps}‐Histidine HCl monohydrate manufactured by fermentation using *E. coli* (NITE BP‐02526) does not give rise to any safety concern regarding the production strain and its genetic modification.

The use of [l]{.smallcaps}‐histidine monohydrochloride monohydrate produced by fermentation using *E. coli* (NITE BP‐02526) is safe for the target species when used as a nutritional additive to supplement the diet in appropriate amounts to cover the requirements, depending on the species, the physiological state of the animal, the performance level, the environmental conditions and the background amino acid composition of the unsupplemented diet and the status of some essential trace elements such as copper and zinc. This conclusion would also cover the use as a sensory additive.

[l]{.smallcaps}‐Histidine HCl monohydrate produced using *E*. *coli* NITE (BP‐02526) supplemented at levels appropriate for the requirements of target species is considered safe for the consumer.

[l]{.smallcaps}‐Histidine HCl monohydrate produced by *E*. *coli* NITE (BP‐02526) is not irritant to skin or eyes, nor a skin sensitiser. There is a risk for persons handling the additive from the exposure to endotoxins by inhalation.

The use of [l]{.smallcaps}‐histidine HCl monohydrate produced by *E. coli* NITE (BP‐02526) in animal nutrition is not expected to represent a risk to the environment.

[l]{.smallcaps}‐Histidine HCl monohydrate is considered an efficacious source of the essential amino acid [l]{.smallcaps}‐histidine for non‐ruminant animal species. For the supplemental [l]{.smallcaps}‐histidine to be as efficacious in ruminants as in non‐ruminant species, it would require protection against degradation in the rumen. It is also considered efficacious as a feed flavouring compound under the proposed conditions of use.

Documentation provided to EFSA/Chronology {#efs25785-sec-0041}
=========================================

DateEvent03/11/2018Dossier received by EFSA09/10/2018Reception mandate from the European Commission22/11/2018Application validated by EFSA -- Start of the scientific assessment04/03/2019Request of supplementary information to the applicant in line with Article 8(1)(2) of Regulation (EC) No 1831/2003 -- Scientific assessment suspended. *Issues: characterisation and safety for the consumer*.22/02/2019Comments received from Member States22/03/2019Reception of the Evaluation report of the European Union Reference Laboratory for Feed Additives30/04/2019Reception of supplementary information from the applicant ‐ Scientific assessment re‐started19/06/2019Spontaneous submission of information by the applicant. *Issues: safety for the consumer*02/07/2019Opinion adopted by the FEEDAP Panel. End of the Scientific assessment

Abbreviations {#efs25785-sec-0042}
=============

bwbody weightCASChemical Abstracts ServiceCFUcolony forming unitCPcrude proteinCVcoefficient of variationDECOSDutch Expert Committee on Occupational SafetyDL‐PCBdioxin‐like polychlorinated biphenylDMdry matterEINECSEuropean Inventory of Existing Commercial Chemical SubstancesEURLEuropean Union Reference LaboratoryFAOFood Agricultural OrganizationFEEDAPEFSA Panel on additives and products or substances used in Animal feedFLAVISThe EU Flavour Information SystemGC--MSgas chromatography--mass spectrometryHNMThistamine‐*N*‐methyltransferaseHSEHealth and Safety ExecutiveIEC‐VIS/FLDion exchange chromatography coupled to visible or fluorescence detectionIUPACInternational Union of Pure and Applied ChemistryLC~50~lethal dose, 50%LLNAlocal lymph‐node assayLOQlimit of quantificationMLSTmulti‐locus sequence typingmTORmammalian target of rapamycinMWmolecular weightNAH*N*‐acetyl histidineNITENational Institute of Technology EvaluationOECDOrganisation for Economic Co‐operation and DevelopmentPCDD/Fpolychlorinated dibenzo‐*p*‐dioxin and polychlorinated dibenzofuranRHrelative humidityRSDiprelative standard deviation for intermediate precisionRSDrrelative standard deviation for repeatabilitySDBCspray‐dried blood cellsTEQtoxic equivalentWGSwhole genome sequencingWHOWorld Health Organization

Appendix A -- Safety for the user {#efs25785-sec-1001}
=================================

 {#efs25785-sec-0043}

The effects of the endotoxin inhalation and the exposure limits have been described in a previous opinion (EFSA FEEDAP Panel, [2015](#efs25785-bib-0806){ref-type="ref"}).

**Calculation of maximum acceptable levels of exposure from feed additives**

The likely exposure time according to EFSA guidance (EFSA FEEDAP Panel, [2012](#efs25785-bib-0014){ref-type="ref"}) for additives added in premixtures assumes a maximum of 40 periods of exposure per day, each comprising 20 s, equal to = 800 s/day. With an uncertainty factor of 2, maximum inhalation exposure would occur for 2 × 800 = 1,600 s (0.444 h/day). Again, assuming a respiration volume of 1.25 m^3^/h, the inhalation volume providing exposure to potentially endotoxin‐containing dust would be 0.444 × 1.25 = 0.556 m^3^ per day. This volume should contain no more than 900 IU endotoxin, so the dust formed from the product should contain no more than 900/0.556 = [1,619 IU/m]{.ul} ^[3]{.ul}^.

**Calculation of endotoxin content of dust**

Two key measurements are required to evaluate the potential respiratory hazard associated with endotoxin content of the product (the dusting potential of the product, expressed in g/m^3^; the endotoxin activity of the dust, determined by the *Limulus* amoebocyte lysate assay (expressed in IU/g)). If data for the dust are not available, the content of endotoxins of the product can be used instead. If the content of endotoxins of the relevant additive is IU/g and the dusting potential is b g/m^3^, then the content of endotoxins of the dust, c IU/m^3^, is obtained by the simple multiplication a × b. This resulting value is further used for calculation of potential inhalatory exposure by users to endotoxin from the additive under assessment (Table [A.1](#efs25785-tbl-0001){ref-type="table"}) (EFSA FEEDAP Panel, [2012](#efs25785-bib-0014){ref-type="ref"}).

###### 

Estimation of user exposure to endotoxins from the additive [l]{.smallcaps}‐histidine produced by *Escherichia coli* K‐12 NITE BP‐02526 including consideration of using filter half mask (FF P2 or FF P3)[36](#efs25785-note-1039){ref-type="fn"} as a preventative measure

  Calculation   Identifier   Description                                                                                              Amount       Source
  ------------- ------------ -------------------------------------------------------------------------------------------------------- ------------ --------------------------------------------------------------------------------
                *a*          Endotoxin content IU/g product                                                                           34,900       Technical dossier
                *b*          Dusting potential (g/m^3^)                                                                               0.93         Technical dossier
  *a* × *b*     *c*          Endotoxin content in the air (IU/m^3^)                                                                   32,457       
                *d*          No of premixture batches made/working day                                                                40           EFSA FEEDAP Panel ([2012](#efs25785-bib-0014){ref-type="ref"})
                *e*          Time of exposure (s)/production of one batch                                                             20           EFSA FEEDAP Panel ([2012](#efs25785-bib-0014){ref-type="ref"})
  *d* × *e*     *f*          Total duration of daily exposure/worker (s)                                                              800          
                *g*          Uncertainty factor                                                                                       2            EFSA FEEDAP Panel ([2012](#efs25785-bib-0014){ref-type="ref"})
  *f × g*       *h*          Refined total duration of daily exposure (s)                                                             1,600        
  *h*/3 600     *i*          Refined total duration of daily exposure (h)                                                             0.44         
                *j*          Inhaled air (m^3^)/eight‐hour working day                                                                10           EFSA FEEDAP Panel ([2012](#efs25785-bib-0014){ref-type="ref"})
  *j*/8 × *i*   *k*          Inhaled air during exposure (m^3^)                                                                       0.56         
  *c* × *k*     *l*          **Endotoxin inhaled (IU) during exposure/eight‐hour working day**                                        **18,031**   
                *m*          Health‐based recommended exposure limit of endotoxin (IU/m^3^)/eight‐hour working day                    90           Health Council of the Netherlands ([2010](#efs25785-bib-0032){ref-type="ref"})
  *m* × *j*     *n*          **Health‐based recommended exposure limit of total endotoxin exposure (IU)/eight‐hour working day**      **900**      
  *l*/10                     Endotoxins inhaled (IU)/eight‐hour working day reduced by filter half mask FF P2 (reduction factor 10)   1,803        
  *l*/20                     Endotoxins inhaled (IU)/eight‐hour working day reduced by filter half mask FF P3 (reduction factor 20)   902          

John Wiley & Sons, Ltd

Annex A -- Executive Summary of the Evaluation Report of the European Union Reference Laboratory for Feed Additives on the Method(s) of Analysis for [l]{.smallcaps}‐histidine monohydrochloride monohydrate produced by *Escherichia coli* (NITE BP‐02526) {#efs25785-sec-1002}
===========================================================================================================================================================================================================================================================

 {#efs25785-sec-0044}

In the current application, authorisation is sought under Article 4(1) for [l]{.smallcaps}‐histidine monohydrochloride monohydrate using the bacteria strain NITE BP‐02526, under the category/functional groups 3(c) 'nutritional additives'/'amino acids, their salts and analogues' and 2(b) 'sensory additives/flavouring compounds' according to Annex I of Regulation (EC) No 1831/2003. Authorisation is sought for all animal species.

According to the Applicant, [l]{.smallcaps}‐histidine monohydrochloride monohydrate has a minimum purity (mass fraction) of 98%. As a nutritional feed additive, the amino acid is intended to be added directly into feedingstuffs or through premixtures and water for drinking. As sensory feed additive, [l]{.smallcaps}‐histidine monohydrochloride monohydrate is intended to be added into feedingstuffs and water for drinking through flavouring premixtures. However, the Applicant did not propose any minimum or maximum content of [l]{.smallcaps}‐histidine monohydrochloride monohydrate in feedingstuffs.

For the quantification of [l]{.smallcaps}‐histidine monohydrochloride monohydrate in the feed additive and premixtures, the Applicant submitted the ring‐trial validated method EN ISO 17180:2013 specifically designed for lysine, methionine and threonine in products containing more than 10% of amino acid. This standard method is based on ion exchange chromatography coupled to visible or fluorescence detection (IEC‐VIS/FLD). It does not distinguish between the salts of amino acids and cannot differentiate between enantiomers. The Applicant presented results from validation and verification studies demonstrating the extension of the scope of the above mentioned ISO method for the determination of [l]{.smallcaps}‐histidine monohydrochloride monohydrate in the feed additive and premixtures (containing more than 10% histidine). The following performance characteristics are reported: a relative standard deviation for repeatability (RSDr) ranging from 0.6 to 4.3%, a relative standard deviation for intermediate precision (RSDip) ranging from 1.1 to 4.8% and a recovery rate from 91 to 103%.

For the quantification of [l]{.smallcaps}‐histidine monohydrochloride monohydrate in feedingstuffs, the Applicant submitted the ring‐trial validated Community method (Commission Regulation (EC) No 152/2009) based on IEC coupled with photometric detection (VIS). The method, designed only for the analysis of amino acids in premixtures and feedingstuffs, does not distinguish between the salts and the amino acid enantiomers. This method was further ring‐trial validated by 23 laboratories, resulting in the EN ISO 13903:2005 method. The following performance characteristics were reported for the quantification of total histidine: RSDr ranging from 2.4 to 7.0% and RSDR ranging from 13 to 23%. In the frame of the stability studies, the Applicant presented experimental data obtained analysing the feed additive in water according to EN ISO 13903:2005 thus demonstrating its applicability for the determination of [l]{.smallcaps}‐histidine monohydrochloride monohydrate in water.

In the frame of this authorisation, the EURL recommends for official control (i) the ring‐trial validated method EN ISO 17180:2013 based on IEC‐VIS/FLD to quantify free [l]{.smallcaps}‐histidine monohydrochloride monohydrate in the feed additive and premixtures (containing more than 10% histidine); (ii) the ring‐trial validated Community method based on IEC‐VIS for the quantification of [l]{.smallcaps}‐histidine monohydrochloride monohydrate in premixtures and feedingstuffs; and (iii) the ring‐trial validated EN ISO 13903:2005 method based on IEC‐VIS for the quantification of [l]{.smallcaps}‐histidine monohydrochloride monohydrate in water.

Further testing or validation of the methods to be performed through the consortium of National Reference Laboratories as specified by Article 10 (Commission Regulation (EC) No 378/2005), as last amended by Regulation (EU) 2015/1761) is not considered necessary.

Regulation (EC) No 1831/2003 of the European Parliament and of the Council of 22 September 2003 on additives for use in animal nutrition. OJ L 268, 18.10.2003, p. 29.

Ajinomoto Animal Nutrition Europe, Rue Guersant, 32 Paris (France).

Regulation (EU) No 609/2013 of the European Parliament and of the Council of 12 June 2013 on food intended for infants and young children, food for special medical purposes, and total diet replacement for weight control and repealing Council Directive 92/52/EEC, Commission Directives 96/8/EC, 1999/21/EC, 2006/125/EC and 2006/141/EC, Directive 2009/39/EC of the European Parliament and of the Council and Commission Regulations (EC) No 41/2009 and (EC) No 953/2009, OJ L 181, 29.6.2013, p. 35.

Commission Decision of 9 February 2006 amending Decision 96/335/EC establishing an inventory and a common nomenclature of ingredients employed in cosmetic products. OJ L 97, 5.4.2006, pp. 1--528.

Commission Regulation (EU) No 37/2010 of 22 December 2009 on pharmacologically active substances and their classification regarding maximum residue limits in foodstuffs of animal origin. OJ L 15, 20.1.2010, p. 1.

Regulation (EC) No 470/2009 of the European Parliament and of the Council of 6 May 2009 laying down Community procedures for the establishment of residue limits of pharmacologically active substances in foodstuffs of animal origin, repealing Council Regulation (EEC) No 2377/90 and amending Directive 2001/82/EC of the European Parliament and of the Council and Regulation (EC) No 726/2004 of the European Parliament and of the Council. OL L 152, 16.6.2009, p. 11.

FEED dossier reference: FAD‐2018‐0070.

The full report is available on the EURL website: <https://ec.europa.eu/jrc/sites/jrcsh/files/finrep_fad-2018-0070_l-histidine.pdf>

Commission Regulation (EC) No 429/2008 of 25 April 2008 on detailed rules for the implementation of Regulation (EC) No 1831/2003 of the European Parliament and of the Council as regards the preparation and the presentation of applications and the assessment and the authorisation of feed additives. OJ L 133, 22.5.2008, p. 1.

Technical dossier/Section II/Annex II_4.

Technical dossier/Section II/Annex II_5.

Technical dossier/Section II/Annex II_16. LOQ: arsenic 0.05 mg/kg; cadmium 0.005 mg/kg; chromium 0.10 mg/kg; copper 0.1 mg/kg; iron 1 mg/kg; lead 0.02 mg/kg; mercury 0.005 mg/kg; nickel 0.10 mg/kg; phosphorus 3.0 mg/kg; fluorine 20 mg/kg; melamine 0.05 mg/kg; (hydro)cyanic acid 1.5 mg/kg.

Technical dossier/Section II/Annex II_16. LOQ: organochlorine pesticides 0.005‐0.1 mg/kg; organophosphorus pesticides 0.01--0.03 mg/kg.

Technical dossier/Section II/Annex II_16. LOQ: aflatoxins 0.1‐0.2 µg/Kg, zearalenone 20 µg/Kg; deoxynivalenol 50 µg/Kg; ochratoxin µg/Kg; toxin T‐2, HT2 20 µg/Kg; fumonisins: 20 µg/kg.
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Technical dossier/Section II/Annex_An_II_55.

Technical dossier/Section II/Annex_An_II_57.

Technical dossier/Section II/Annex_III_1.

Commission Regulation (EC) No 2073/2005 of 15 November 2005 on microbiological criteria for foodstuffs. OJ 22.12.2005, L 338/1 26 pp.

Technical dossier/Section II/Supplementary information/Annex_III.

According to the Regulation, Scombroid species are Scombridae, Clupeidae, Engraulidae, Coryfenidae, Pomatomidae and Scombresosidae.

Technical dossier/Section III/Annex_21.

Technical dossier/Section III/Annex_30.

Technical dossier/Section III/Annex_31.

Technical dossier/Section III/Annex_32.

Regulation (EC) No 183/2005 of the European Parliament and of the Council of 12 January 2005 laying down requirements for feed hygiene. OJ L 35, 8.2.2005, p. 1.

Filtering face piece or filtering half mask according to European standard EN 149. They are graded from 1 to 3 depending on their filtering capacity.
